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Summary
In contrast to traditional noise maps like those produced in the framework of the European Commis-
sion’s Environmental Noise Directive, dynamic noise maps are introduced in this work. Dynamic noise
maps are based on a combination of noise monitoring networks and a long-term averaged noise map.
The proposed interpolating model is inspired by land-use regression models, which are commonly
used in air pollution monitoring. Obvious noise indicators like equivalent sound pressure levels can
be mapped with a time resolution down to 15 minutes. Dynamic noise maps could therefore provide
a more complete picture of the city noise climate and lie closer to human observations. An important
prerequisite is that a reasonably good long-term averaged model for the sound indicators in the area
under study is available. Temporal variations arise from changes in the noise source and variations
in the propagation of sound. In addition, the presence of sources that are generally not considered in
noise maps often add to the dynamic character. The interpolation model tunes the source characteris-
tics and propagation aspects on the basis of measurements providing a prediction of the momentary
sound pressure levels at locations where no measurements are available. The proposed dynamic maps
could be well suited to predict noise-related effects where the temporal aspect is important like annoy-
ance and sleep disturbance.
PACS no. 43.10.Ce, 43.50.Rq
1. Introduction
Strategic noise mapping has been implemented in
many European countries since 2002 and the noise
climate and its effect on people are commonly anal-
ysed based on these maps [1, 2, 3, 4, 5]. Moni-
toring campaigns [6, 7] have shown that the devia-
tions between the calculated and measured acousti-
cal indicators are small at directly exposed locations,
but might become very large at locations outside
the direct sound path, especially at highly shielded
locations. In addition, some sources are not avail-
able in the data sets used to produce the strate-
gic maps, for example traffic on minor roads or in-
dustrial and recreational sound sources. Moreover,
the dynamic changes of (temporary) sources are not
well represented by the annually averaged sound
power. Inaccuracy could also be introduced by as-
sumptions of the calculation models and their simpli-
fication of the reality; for example the effect of inter-
mediate canyons [8], the presence ofnoise-reducing
measures like e.g. green roofs [9] and complex ter-
(c) European Acoustics Association
rain data [10, 11]. These aforementioned consider-
ations form the starting point to develop more ac-
curate and dynamic maps. A recent dynamic map-
ping strategy assumes that the spatial attenuation
is independent of time and the dynamic sound level
at receivers can be obtained by only updating the
source power in short time intervals [12]. However,
this method fails when meteorological effects can-
not be ignored or when the errors in the propaga-
tion model are significant. Another method consists
in measuring noise levels instantaneously at many
immission points using mobile measurements and
then interpolating these to make a dynamic map [13].
Needless to say, the accuracy of this method de-
pends on the density of the measured positions. Be-
sides, its spatial accuracy is usually poornot good.
Considering reducing the propagation errors, source
errors and tuning the map by measurements, a mod-
elbased interpolation method will be presented. The
basic assumption underlying this model- based inter-
polation is that there is a reasonably good model for
the sound indicators in the area under study but that
this model is not very accurate for instantaneous (ba-
sic time frame is 15 minutes) level predictions. The in-
terpolation method will tune the source and propaga-
tion characteristics on the basis of measurements to
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improve predictions at locations where no measure-
ments are available. This paper is organized as fol-
lows: 1) introduce conceptual layout; 2) analyse the
theoretical achievement; 3) implement the model with
a case study.
2. Conceptual layout
2.1. Basic layout
The sound level Lf (p, t) is defined in a general sense
as an indicator and f is the octave band. It depends
on place p and time t.Lf (p, t) is written as a sum of
several contributions:
Lf (p, t) =
10 log10
Ns∑
i
Nh∑
j
100.1[L
′
W,f,i(t)−A′f,i,j(p)] (1)
where the sources are labelled by index i and are
indexed by j which allows for different propagation
paths between the ith source and location p;Ns is the
total number of sources and Nh is the total number
of propagation paths.
The actual values for sound emission L′W,f,i and
attenuation A′f,i,j now have to be obtained from their
theoretical value LW,f,i and Af,i,j and the measured
levels Lf,meas(pmeas, t). For this, it is assumed that
the actual value deviates only by a “small” amount
from its theoretical value, as:
L′W,f,i = LW,f,i(t)(1 + 
t−1
f,i ) (2)
A′f,i,j(p) = Af,i,j(p) + δ
t−1
f,i,j (3)
Both t−1f,i and δ
t−1
f,j are functions of frequency and
time, but can be functions of several other param-
eters. The number of parameters that can be in-
troduced depends on the number of measurement
locations that are available in the study area and
their distribution over space. Extracting t−1f,i and δ
t−1
f,j
will be done by comparing with the measurements
Lf,meas(pmeas, t).
2.2. Source categorization
Inspired by the land-use regression modeling and in
order to limit both the number of terms in the sum,
Ns, and the degrees of freedom in f that could pos-
sibly be resolved with the typical number of sound
observatories currently available, traffic sources are
categorized. To be able to resolve the solution of 
at time t and a specific frequency f , the number of
source categories should typically be less than the
measurement positions.
Categorizations could depend on traffic intensity,
speed limit, or other categorization methods. Initially
it is proposed to work with intensities and the use of 4
categories (< 600, [600,1200], [1200,6000], > 6000).
All streets with traffic within these ranges are grouped
to a single source. The sound power per unit length
emitted by all the streets within the same category
is assumed equal. In this case one can calculate the
contribution of the distributed source to each receiver
position and separate emission from attenuation as
discussed above in the general layout. The disadvan-
tage of this approach is that subtle known differences
in traffic intensity and speed will not be considered.
For other sources, e.g. playgrounds, single point
source and propagation can be calculated since
these sources will mainly have a local influence.
After categorization, equation 1 can be rewritten
as:
Lf (p, t) = 10 log10
[ N1∑
i=N0
Nh∑
j
100.1L
′
W,f,i(t)−A′f,i,j(p)
+
N2∑
i=N1+1
Nh∑
j
100.1L
′
W,f,i(t)−A′f,i,j(p)
+
...
+
Ns∑
i=Nn+1
Nh∑
j
100.1L
′
W,f,i(t)−A′f,i,j(p)
]
(4)
Every double sum group on the right-hand side of
the equation indicates a source category, which im-
plies that one can separately calculate noise maps
for each source category and sum them up to obtain
the final value. As mentioned before, the total num-
ber of categories should be less than the number of
measurement positions.
2.3. Propagation paths
In the basic model three propagation paths are in-
cluded for road traffic noise sources:
• direct sound, that is the contribution without prop-
agation over buildings, but including reflections.
• diffracted sound, that is the contribution caused by
multiple reflections in the street canyon and diffrac-
tions over buildings.
• turbulent scattered sound
Each of these contributions will have its own correc-
tion δ which is independent of the sources.
In this study, 1) the spectrum of the traffic source
powers are assumed to be accurately calculated; 2)
the frequency dependence of the methods to calcu-
late the direct sound, diffracted sound and turbulence
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Figure 1. Implementation flow of the model.
scattering sound would need second order correc-
tions only. Under these two assumptions, the depen-
dence on frequency of delta and epsilon can be re-
moved. If more measurement positions were avail-
able, the need for these assumptions could be re-
considered.
3. Implementation
The overall system for calculating dynamic noise
maps in real time contains the following steps 1) cal-
culate the noise map for propagation path “direct”,
“diffract” and “scatter” for all the categorized sources
and extra sources; 2) query the server for measure-
ment data at the start time; 3) run the optimisation
method to obtain  and δ and update the noise maps;
4) move forward by one time stamp (in this case the
time step is 15 min). A flow-chart is shown in figure
(1).
4. Case study
A case study in Katendrecht, a district of Rotterdam,
the Netherlands, is used to validate the model. In
this study, the traffic sources are grouped to four
categories and industrial noise (there is an industry
area to the south of the peninsula) is represented
by 4 separate point sources with the same source
power spectrum. The categorized spectrum of LAday
is shown in figure (2). The spectrum of the industrial
source power is estimated from the measurements at
the closest location, which is however still in the far
field. The assumed spectrum is: 97.3, 101.5, 106.0,
109.2, 108.2, 101.1, 94.7, 53.5 dB A from 63 Hz to
8000 Hz central frequencies.
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Figure 2. Spectrum of the categorized traffic sources:
LAday.
211
Figure 3. Measurement positions, with marking of the val-
idation positions 206 and 220. The circles are the traffic
sound sources from category 1; the triangles from category
2; the squares from category 3 and the stars from category
4.
Eight measurement stations [14, 15] are placed
on the peninsula, as shown in figure (3). 6 of them
are used to calculate the source correction  and
propagation correction δ and 2 of them are used to
check the model. In this case study, LAeq per 15 min
is extracted from the measurement station to fit this
model.
4.1. Parameter fitting
Based on the measured and calculated noise levels
and according to the procedure mentioned in the pre-
vious section, the correction coefficients  and δ are
fitted. Results are shown in figure (4, 5, 6, 7, 8). Fig-
ures (4, 5, 6, 7 and 8) show that the “direct” path is
underestimated for source category 1 to category 3
and is overestimated in category 4. The “scatter” path
is overestimated, which is probably caused by in-
appropriate assumptions on the turbulence strength.
The “diffract” path is fairly accurately calculated. The
curves of the propagation corrections change slowly
and smoothly, however, the source correction curve
(figure (8)) has a strong diurnal pattern, impling that
the original traffic pattern may not present the real
situation properly. For source category 1 and 2, their
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Figure 4. Source category 1. Adapting curve of the prop-
agation term δ for the traffic sources. “direct” indicates the
propagation correction for direct sound path; “diffract” indi-
cates the diffraction path and “scatter” indicates the turbu-
lence scattering path.
corrections of the propagation path “diffract” and
“scatter” are small compared to the “direct” path cor-
rection. For source category 3, the contribution of the
“diffract” and “scatter” become dominant. According
to the source positions of the case study (as shown in
figure (3)), these changes imply that this model suc-
cessfully captures the sound propagation properties,
i.e. at locations close the receivers, the direct sound
would be dominant and thus the first candidate for
adaptation to reality, while at locations far from the
receivers, the contribution caused by the multiple re-
flections and scattering would be dominant and thus
primarily adapted. In figure (4), the two valleys of the
“direct” path correction are mainly caused by wind-
induced microphone noise, based on analysis of lo-
cal meteorological data.
For category 2, 3 and even category 4 traffic
sources, the effect of meteorological conditions on
propagation is less clear. That is because part of the
effect is translated to a change in sound power emis-
sion, as shown in figure (8). Indeed, the optimization
algorithm can only distinguish between source and
propagation effects in case there is a strong direct
observation of the source, which is the case for cat-
egory 1 traffic sources that are found close to some
of the measurement locations (point 202 and 211 in
Figure (3)).
4.2. Results and discussion
Using the corrections based on the measurements,
the final predictions for LAeq, both at the fitting loca-
tions and validation locations improve, as shown in
figures (9) and (10). These figures show the distribu-
tion and cumulative distribution of the change in the
error between model and measurements for a pe-
riod of 45 days. Figure (10) shows that more than
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Figure 5. Source category 2
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Figure 6. Source category 3
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Figure 7. Source category 4
78% percent of the samples at the validation posi-
tions have better predictions after correcting. Accord-
ing to figure (9), improvements lie mainly between 1.8
dB and 5.2 dB.
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Figure 8. Adapting curve of the categorized traffic sources.
C1, C2, C3 and C4 indicates the category number.
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Figure 9. Distribution of the improvement. Negative values
indicate that the predictions become worse and positive
values indicate that the prediction is improved after cor-
recting. The thick lines refer to the measurements used for
independent checking .
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Figure 10. Cumulative probability distribution of the im-
provement.
5. Conclusion
The theoretical and practical implementation of a
model-based interpolation method to calculate a dy-
namic noise map is presented. In this model, the
sources are categorized and the contribution of differ-
ent propagation paths are separated, which gives op-
portunity to refine the predictions in case more mea-
surement stations or better propagation models are
available. The case study proved that this method
could improve the prediction in more than 78% of
the 15-minute time intervals. The main improvement
range is between 1.8 dBA to 5.2 dBA. Although in-
creasing the source power and decreasing the atten-
uation can both increase the predicted noise level at
receivers, this model can determine which of these
effects play the strongest role provided that measure-
ments less affected by meteorological conditions are
available. According to the figures listed before, this
model can successfully tune the overestimation or
underestimation of the calculation results. Addition-
ally, this model can efficiently update the dynamic
noise map. It took less than 0.5 s in this case study
with 25498 sources and 3220 receivers by Intel(R)
Xeon(R) CPU E5620 2.4 GHz to obtain each up-
dated map.
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